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,QWHUQDWLRQDO &RQIHUHQFH RQ 6XVWDLQDEOH 'HVLJQ (QJLQHHULQJ DQG &RQVWUXFWLRQ
5HYLHZ DQG 3URVSHFW RI 6WXGLHV RQ (PHUJHQF\ 0DQDJHPHQW
%LQJVKHQJ /LXD ;XH =KDRD <DQ /LD
D7LDQMLQ 8QLYHUVLW\ 1R RI :HLMLQ 5RDG 1DQNDL 'LVWULFW 7LDQMLQ  &KLQD
$EVWUDFW
,Q &KLQD WKH RFFXUUHQFH RI D VHULHV RI GLVDVWHUV DQG WKH WUHPHQGRXV ORVV LQ KXPDQ OLYHV H[SRVH WKH YXOQHUDELOLW\ WKH HPHUJHQF\
V\VWHP DQG WKH LQFRPSOHWH RI WKH PHWKRGRORJ\ )DFHG ZLWK WKH QHHGV RI WKH SUDFWLFH WKLV SDSHU FRQGXFWHG D FRPSUHKHQVLYH
UHYLHZ ERWK IURP WKH V\VWHP DQG WKH PHWKRGRORJ\ SURVSHFWLYH )URP WKH V\VWHP SURVSHFWLYH WKLV SDSHU DLPV DW DQDO\]LQJ WKH
H[LVWLQJ SUREOHPV DQG WKH VROXWLRQ ILQGLQJ )URP WKH PHWKRGRORJ\ SURVSHFWLYH HPHUJHQF\ IDFLOLW\ ORFDWLRQ SUREOHP HPHUJHQF\
UHVRXUFH DOORFDWLRQ SUREOHP DQG HPHUJHQF\ PDQDJHPHQW WHFKQLFDO VXSSRUW SUREOHP DUH H[DPLQHG
  7KH $XWKRUV 3XEOLVKHG E\ (OVHYLHU /WG
3HHUUHYLHZ XQGHU UHVSRQVLELOLW\ RI RUJDQL]LQJ FRPPLWWHH RI WKH ,QWHUQDWLRQDO &RQIHUHQFH RQ 6XVWDLQDEOH 'HVLJQ (QJLQHHULQJ
DQG &RQVWUXFWLRQ 
.H\ZRUGV 8QH[SHFWHG (YHQWV (PHUJHQF\ 0DQDJHPHQW 5HYLHZ
 ,QWURGXFWLRQ
(PHUJHQF\ PDQDJHPHQW KDV DWWUDFWHG WKH SXEOLF DWWHQWLRQ JOREDOO\ DV WKHUH LV D VHULHV RI GLVDVWHU RFFXUUHG LQ WKH
ODVW GHFDGH VXFK DV  WHUURULVW DWWDFN  6LFKXDQ (DUWKTXDNH  +XUULFDQH 6DQG\  DQG WKH UHFHQW
7LDQMLQ H[SORVLRQ˄ WR QDPH D IHZ ,W LV D GHFLVLRQ PDNLQJ SURFHVV WKDW GHYHORSV DQG LPSOHPHQWV SROLFLHV
GHDOLQJ ZLWK IRXU PDLQ DVSHFWV LQFOXGLQJ PLWLJDWLRQ SUHSDUHGQHVV UHVSRQVH DQG UHFRYHU\ >@ (PHUJHQF\ UHIHUV WR
HYHQWV ZKLFK VXGGHQO\ WDNH SODFH FDXVLQJ RU KDYLQJ WKH SRVVLELOLW\ WR FDXVH LQWHQVH GHDWK DQG LQMXU\ SURSHUW\ ORVV
HFRORJLFDO GDPDJH DQG VRFLDO KD]DUGV %\ LWV QDWXUH HPHUJHQF\ FDQ EH GLYLGHG LQWR IRXU FDWHJRULHV QDWXUDO GLVDVWHUV
DFFLGHQWV GLVDVWHUV SXEOLF KHDOWK LQFLGHQWV DQG VRFLDO VDIHW\ LQFLGHQWV 7KH QDWXUH RI D GLVDVWHU FDQ RIWHQ EH
FKDUDFWHUL]HG DV GHVWUXFWLYH XQFHUWDLQW\ XUJHQW ,Q DGGUHVVLQJ WR WKHVH IHDWXUHV HPHUJHQF\ PDQDJHPHQW LV D
GHFLVLRQ PDNLQJ SURFHVV WKDW LV LQWHQGHG WR PLWLJDWH WKH OHYHO RI KDUP
,Q WKH 86 (PHUJHQF\ 0DQDJHPHQW VWDUWHG PXFK HDUOLHU ZKLFK FDQ EH WUDFHG WR V ZKHQ 3UHVLGHQW )UDQNOLQ
&RUUHVSRQGLQJ DXWKRU 7HO 
(PDLO DGGUHVV #TTFRP
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5RRVHYHOW VHW RXW (PHUJHQF\ %DQNLQJ 5HOLHI $FW  WR UHEXLOG FRQILGHQFH LQ WKH QDWLRQ
V EDQNLQJ V\VWHP 7KH
QHHG IRU HPHUJHQF\ PDQDJHPHQW LQ QDWXUDO GLVDVWHU ZDV QRW KLJKOLJKWHG XQWLO V ,Q WKH V WKH 'LVDVWHU
5HOLHI $FW RI  ZDV SDVVHG ZKLFK UDLVH WKH QDWLRQZLGH IRFXV RQ HPHUJHQF\ PDQDJHPHQW ,Q  )HGHUDO
(PHUJHQF\ 0DQDJHPHQW $JHQF\ )(0$ ZDV HVWDEOLVKHG DV D IHGHUDO HPHUJHQF\ PDQDJHPHQW RUJDQL]DWLRQ WR
FRQVROLGDWH HPHUJHQF\ SUHSDUHGQHVV PLWLJDWLRQ DQG UHVSRQVH DFWLYLWLHV $V IRU -DSDQ LW KDV EHHQ HTXLSSHG ZLWK
VSHFLDOL]HG FULVLV PDQDJHPHQW PHFKDQLVP WRWDOO\ DQG LW KDV HVWDEOLVKHG WKH FHQWUDO DQG ORFDO GLVDVWHU SUHYHQWLRQ DQG
PLWLJDWLRQ LQIRUPDWLRQ V\VWHPV DQG HPHUJHQF\ UHVSRQVH V\VWHPV IRFXVLQJ RQ WKH XVH RI VFLHQFH DQG WHFKQRORJ\ LQ
VDIHW\ DQG KD]DUG PLWLJDWLRQ ,Q  WKH ILUVW LQWHUQDWLRQDO RUJDQL]DWLRQ RQ (PHUJHQF\ 0DQDJHPHQW 7KH
,QWHUQDWLRQDO (PHUJHQF\ 0DQDJHPHQW 6RFLHW\ 7,(06 FDPH LQWR EHLQJ ZKLFK KDV JUHDWO\ FRQWULEXWHG WR
HPHUJHQF\ PDQDJHPHQW UHVHDUFK GHYHORSPHQW
,Q &KLQD FRQWURO RI 6$56  HYLGHQFHG WKH VWUHQJWK RI GLIIHUHQW DJHQFLHV LQ GHDOLQJ ZLWK HPHUJHQF\ EXW
DOVR H[SRVHG WKH ZHDNQHVV DQG YXOQHUDELOLW\ DV D ODFNLQJ RI WKH LQWHJUDWHG HPHUJHQF\ PDQDJHPHQW V\VWHP IRU
GLVDVWHU SUHYHQWLRQ DQG PLWLJDWLRQ V\VWHP >@ 7KH UHFHQW 7LDQMLQ H[SORVLRQ˄˅DJDLQ UHYHDOV WKH IUDJLOLW\ RI
WKH HPHUJHQF\ V\VWHP LQ GHDOLQJ ZLWK VXFK RXWEUHDN RI HPHUJHQFLHV ,Q WKH OLJKW RI WKLV WKH SXUSRVH RI WKLV SDSHU
FDUULHV RXW D UHYLHZ RQ H[LVWLQJ UHVHDUFKHV RI HPHUJHQF\ PDQDJHPHQW LQ &KLQD IURP ERWK V\VWHP DQG PHWKRGRORJ\
SURVSHFWLYH
 6\VWHP SURVSHFWLYH
7KH VWXG\ RQ WKH V\VWHP SUHSRVLWLYH IRFXVHV RQ WKH UHOHYDQW QDWLRQDO HPHUJHQF\ PDQDJHPHQW V\VWHPV
PHFKDQLVPV DQG LQVWLWXWLRQV ,W DLPV DW DQDO\]LQJ WKH H[LVWLQJ SUREOHPV DQG WKH VROXWLRQ ILQGLQJ
,GHQWLILFDWLRQ RI HPHUJHQF\ PDQDJHPHQW VWDJHV LV FUXFLDO LQ WKH SURFHVV RI HPHUJHQFH PDQDJHPHQW $FFRUGLQJ WR
WKH ODZV RI HPHUJHQF\ GHYHORSPHQW DQ HDUO\ LGHQWLILFDWLRQ RI WKH HPHUJHQF\ PDQDJHPHQW VWDJH LV YLWDO IRU KROGLQJ
WKH HQWLUH PDFURVFRSLF V\VWHP 7KXV ZH FDQ GHWHUPLQH ZKDW WR EH GRQH LQ D VSHFLILF VWDJH 5REHUW +HDWK  >@
D 86 VFKRODU GHYLVHG 5 FULVLV PDQDJHPHQW PRGHOV QDPHO\ UHGXFWLRQ UHDGLQHVV UHVSRQVH DQG UHFRYHU\ $QRWKHU
SKDVH FODVVLILFDWLRQ PHWKRG LV GHILQHG E\ 1RUPDQ 5 $XJXVWLQH  >@ ZKR SURSRVHG D VL[VWDJH WKHRU\ RI FULVLV
PDQDJHPHQW LQFOXGLQJ SUHYHQWLRQ SUHSDUDWLRQ FRQILUPHG PDQDJHPHQW UHVROXWLRQ DQG FULVLV OHDUQLQJ 5HVHDUFK RQ
FODVVLILFDWLRQ DQG JUDGLQJ LV HYHQ LPSRUWDQFH ,Q JHQHUDO GHILQLQJ WKH HPHUJHQF\ VWDJH LV WKH SULRU VWHS RI VHOHFWLRQ
DQ\ UHVSRQVH SODQ
<DQJ -LQJ >@ OLQNHG WKH HPHUJHQF\ FODVVLILFDWLRQ DQG JUDGLQJ WR WKH OHYHO RI UHVRXUFHV SURWHFWLRQ KLJKOLJKWLQJ
WKH LQIOXHQFH RI WLPH RQ WKH FODVVLILFDWLRQ DQG JUDGLQJ ,Q WKH ILHOG RI HPHUJHQF\ PDQDJHPHQW WKHUH VWLOO H[LVW WR EH
PDQ\ SUREOHPV LQ WHUPV RI PHFKDQLVPV LQVWLWXWLRQV UXOHV RI ODZ 7KHVH SUREOHPV UHVWULFW WKH HIIHFWLYH
LPSOHPHQWDWLRQ DQG RSHUDWLRQ RI WKH HPHUJHQF\ PDQDJHPHQW V\VWHP
0D .DL VXPPDUL]HG WKH SUREOHPV DV >@
HPHUJHQF\ PDQDJHPHQW LQVWLWXWLRQV PHFKDQLVP DQG WKH OHJDO V\VWHP QHHG WR EH VWUHQJWKHQHG
HPHUJHQF\ PDQDJHPHQW V\VWHP LV QRW SHUIHFW DQG WKH HPHUJHQF\ UHVFXH VXSSRUW FDSDFLW\ LV UHODWLYHO\ ZHDN
WKH VWXG\ RI WKH IRUPDWLRQ PHFKDQLVP RI VRPH PDMRU QDWXUDO GLVDVWHUV DQG IRUHFDVWLQJ LV QRW GHHS HQRXJK DQG
WKHUH LV D ZLGH JDS EHWZHHQ WKH XVH RI VFLHQFH DQG WHFKQRORJ\ GLVDVWHU SUHSDUHGQHVV DQG PLWLJDWLRQ
WKH GLVDVWHU SUHYHQWLRQ DQG PLWLJDWLRQ RI XUEDQ DQG UXUDO LQIUDVWUXFWXUH FRQVWUXFWLRQ LV ODJJLQJ EHKLQG DQG WKH
EDVLF FDSDELOLW\ WR SUHYHQW DOO W\SHV RI HPHUJHQFLHV LV \HW WR EH LPSURYHG
7KH ULVN DZDUHQHVV LQ FHUWDLQ ORFDOLWLHV DQG GHSDUWPHQWV LV QRW VWURQJ DQG WKH SXEOLF GLVDVWHU SUHYHQWLRQ
DZDUHQHVV DQG NQRZOHGJH RI ILUVW DLG DUH LQ JUHDW ODFN
7VLQJKXD 8QLYHUVLW\ ;XH /DQ LGHQWLILHG IRXU PDMRU FKDUDFWHULVWLFV RI FXUUHQW SUREOHPV LQ WKH &KLQD (PHUJHQF\
0DQDJHPHQW D 7KHUH LV QR SHUPDQHQW LQVWLWXWLRQ RU DJHQF\ IRU KHDY\ RU OLJKW HPHUJHQF\ PDQDJHPHQW E
&RQIOLFWV DPRQJ KXPDQ ZLGHO\ H[LVWV DV D UHVXOW RI LQHIILFLHQW FRRUGLQDWLRQ F 7KH ORQJWHUP DQWLFULVLV VWUDWHJLHV
DQG SODQV DUH LQFRPSOHWH G &RQIOLFWLQJ DV D UHVXOW RI LQHIILFLHQW FRRUGLQDWLRQ H LQFRPSOHWH RI WKH ORQJWHUP DQWL
FULVLV VWUDWHJLHV DQG SODQV DQG I 7KHUH LV IHZ V\QHUJLHV DPRQJ YDULRXV DJHQFLHV DQG GHSDUWPHQW =KHQ0LQJ &KHQ
>@ SRLQWHG WKDW WKH OHJDO V\VWHP RI HPHUJHQF\ PDQDJHPHQW VKRXOG DOVR EH VWUHQJWKHQHG &RQIURQWHG ZLWK WKH
SUREOHPV H[LVWLQJ LQ WKH HPHUJHQF\ PDQDJHPHQW V\VWHP LQ &KLQD VFKRODUV DOVR DWWHPSWHG WR DGGUHVV WKLV LVVXHV DQG
EURXJKW IRUZDUG FRPPHQWV DQG VXJJHVWLRQV =KHQ0LQJ &KHQ DUJXHG WKDW ZKHQ GHDOLQJ ZLWK HPHUJHQFLHV D XQLILHG
FRPPDQG UHVSRQVLYH KDUPRQLRXV DQG RUGHUO\ HIILFLHQW RSHUDWLRQ VKRXOG EH HVWDEOLVKHG WR LPSURYH WKH V\VWHP RI
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HPHUJHQF\ RSHUDWLRQV ;LDR3LQJ *DR >@ SRLQWHG RXW VL[ FULWLFDO QHHGV IRU HPHUJHQF\ PDQDJHPHQW LQFOXGLQJ 
LQWHJUDWLQJ RI HPHUJHQF\ PDQDJHPHQW V\VWHP  FODULI\LQJ WKH FRPPDQG UHODWLRQVKLS  HVWDEOLVKLQJ RI VSHFLILF
DQG DXWKRULWDWLYH HPHUJHQF\ FRPPDQG SURWRFRO  GHWHUPLQLQJ WKH UHVSRQVLELOLW\ RI UHOHYDQW DJHQFLHV 
FODVVLI\LQJ PDQDJHPHQW IXQFWLRQ DQG  VFLHQWLILFDOO\ UHSUHVHQWLQJ WKH HPHUJHQFH PDQDJHPHQW SUREOHP +H DOVR
KLJKOLJKWHG WKDW WKH UHVSRQVLELOLW\ RI GLIIHUHQW DJHQFLHV VKRXOG EH HQKDQFHG DV D UHVXOW RI DQ LQWHJUDWLRQ RI
RUJDQL]DWLRQ UHVRXUFH LQIRUPDWLRQ DQG RSHUDWLRQV /L :DQ >@ SURSRVHG WKH HPHUJHQF\ ODZ WR FRPSOHPHQW WKH OHJDO
V\VWHP DV D OHVVRQ OHDUQHG IURP 8QLWHG 6WDWHV -DSDQ DQG RWKHU FRXQWULHV 7KLV VXJJHVWLRQ DOVR VKDUHG ZLWK &KXQ
&KDQJ 6KDQ >@ ZKR DOVR SRLQWHG WR WKH QHHG RI HPHUJHQF\ UHVSRQVH ODZ DV ZHOO DV QDWLRQDO HPHUJHQF\ SUHSODQV
2WKHU VWXGLHV IRFXV RQ WKH LPSURYHPHQW RI WKH HPHUJHQF\ V\VWHPV =KDQJ ;LQPHL >@ VWDWHG D PRUH FRQVLVWHQW
V\VWHP LQFOXGLQJ WKH ZKROH SURFHVV RI GHFLVLRQ PDNLQJ FRPPDQGLQJ DQG WKH SRZHU RI GLVSRVDO
,Q VXPPDU\ IURP WKH V\VWHP SURVSHFWLYH WKH LQWHUQDO PHFKDQLVP RI HPHUJHQF\ PDQDJHPHQW VKRXOG EH DQDO\]HG
WRJHWKHU ZLWK IXUWKHU GHVLJQ DQG UXOH PHFKDQLVPV LQVWLWXWLRQDO DQG ODZV PHQWLRQHG DERYH WR SURYLGH DVVLVWDQFH DQG
SURWHFWLRQ IRU WKH HPHUJHQF\ PDQDJHPHQW )RU WKH PHFKDQLVP OHYHO SKDVLQJ DQG FODVVLILFDWLRQ RI HPHUJHQF\
PDQDJHPHQW DQG HPHUJHQF\ UHVSRQVH DJHQFLHV JUDGLQJ KDYH EHHQ VWXGLHG UHVSHFWLYHO\ ,Q WHUPV RI FODVVLILFDWLRQ
DQG JUDGLQJ WKH SUHVHQW VWXGLHV DUH PRUH SDUWLDO WR WKH HPHUJHQW HYHQWV EXW UHODWLYHO\ OHVV FRQFHUQHG WKH HPHUJHQF\
IDFLOLWLHV *DR ;LDRSLQJ >@ HPSKDVLV WKH HVVHQWLDO RI FODULI\LQJ WKH FRPPDQG UHODWLRQVKLSV PDQDJHPHQW IXQFWLRQV
DQG PDQDJHPHQW UHVSRQVLELOLWLHV IRU WKH HPHUJHQF\ PDQDJHPHQW LQ &KLQD ,Q DQRWKHU UHSRUW E\ 'HYHORSPHQW
5HVHDUFK &HQWHU RI WKH 6WDWH (PHUJHQF\ 0DQDJHPHQW D UHLQIRUFHG DQG LQWHJUDWHG V\VWHP LV SURSRVHG WR HQKDQFH
WKH FRRUGLQDWLRQ DPRQJ DJHQFLHV
 0HWKRGRORJ\ SURVSHFWLYH
,Q WKLV FKDSWHU HPHUJHQF\ IDFLOLW\ ORFDWLRQ SUREOHP HPHUJHQF\ UHVRXUFH DOORFDWLRQ SUREOHP DQG HPHUJHQF\
PDQDJHPHQW WHFKQLFDO VXSSRUW SUREOHP DUH H[DPLQHG WR DQDO\]H WKH FXUUHQW VLWXDWLRQ RI HPHUJHQF\ PDQDJHPHQW LQ
&KLQD
 (PHUJHQF\ IDFLOLW\ ORFDWLRQ SUREOHP
(PHUJHQF\ IDFLOLW\ ORFDWLRQ SUREOHP LV WDQWDPRXQW WR LQYHVWLJDWH KRZ WR ORFDWH WKH HPHUJHQF\ IDFLOLWLHV VR DV WR
VDWLVI\ WKH GHPDQG ZLWK D PLQLPL]HG FRVW XQGHU VRPH VHW RI FRQVWUDLQWV /RFDWLRQ SUREOHP LV ILUVW SURSRVHG E\
:HEHU ZKR WULHV WR VHOHFW D GHSRW LQ WKH SODQH VR DV WR PLQLPL]H WKH WRWDO GLVWDQFH EHWZHHQ WKH FXVWRPHUV DQG WKH
GHSRW NQRZQ DV WKH IDPRXV :HEHU SUREOHP $QG WKDW LV WKH RIILFLDO VWDUW RI WKH ORFDWLRQ FKRLFH WKHRU\ UHVHDUFK
6KLHU ' 5 DQG 'HDULQJ 3 0 GLVFXVVHG WKH RSWLPL]HG ORFDWLRQ RI D VLQJOH IDFLOLW\ ORFDWLRQ DQG WKHQ SXW IRUZDUG WKH
$EVROXWH FHQWHU PRGHO RI D VLQJOH IDFLOLW\ 7KH PRGHO LV VXEVWDQWLDOO\ WR ILQG WKH SRLQW WKH GLVWDQFH IURP ZKLFK HDFK
SRLQW LQ WKH QHWZRUN LV PLQLPXP LH DEVROXWH FHQWHU >@ :ORG]LPLHU] LQ  VWXGLHG WKH GRXEOH REMHFWLYH
HPHUJHQF\ VHUYLFHV ORFDWLRQ PRGHO ZKLFK FRQVLGHUHG WZR REMHFWLYH IXQFWLRQV QDPHG WKH PLQLPD[ FHQWHU DQG WKH
PLQLPXP PHGLDQ DQG SXW LW LQWR VLQJOH REMHFWLYH PRGHO ZLWK SDUDPHWHUV Ȝ DQG SRLQWV RXW WKH VKRUWFRPLQJV RI WKH
VLQJOHREMHFWLYH PRGHO ZKHQ DSSOLHG WR QRUPDO QHWZRUN >@ )DQJ /HL -LDQPLQ +H FRPELQHV DQDO\WLF KLHUDUFK\
SURFHVV $+3 DQG 2EMHFWLYH SURJUDPPLQJ 7KH\ QRW RQO\ GLVFXVVHG WKH IDFWRUV LQ ORFDWLRQ GHFLVLRQPDNLQJ EXW
VROYHG WKH SUREOHPV RI GLIIHUHQW XQLWV RI PHDVXUHPHQW DQG FRQIOLFWLQJ JRDOV RI PXOWLREMHFWLYH GHFLVLRQPDNLQJ ,Q
JHQHUDO ORFDWLRQ SUREOHPV DUH FODVVLILHG LQWR WKUHH FDWHJRULHV WKDW LV 3FHQWHU SUREOHP 3 PHGLDQ SUREOHP DQG
&RYHULQJ SUREOHP >@
 3FHQWHU SUREOHP
7KH 3FHQWHU SUREOHP LV NQRZQ DV WKH PLQLPD[ SUREOHP EHFDXVH LWV REMHFWLYH IXQFWLRQ LV WR PLQLPL]H WKH
PD[LPXP GLVWDQFH EHWZHHQ WKH GHPDQG SRLQWV DQG WKH IDFLOLWLHV )LUVW SURSRVHG E\ +DNLPL LQ  >@ 3FHQWHU
SUREOHPV DUH DSSOLHG WR HPHUJHQF\ IDFLOLW\ ORFDWLRQ SUREOHPV VXFK DV ILUH VWDWLRQV DQG KRVSLWDOV +DQGOHU SXW
IRUZDUG WR WKH GLVFUHWH IDFLOLW\ ORFDWLRQ SUREOHP ZKHQ GHDOLQJ ZLWK WKH SFHQWHU SUREOHP >@ KH DUJXHG WKDW ZH
VKRXOG FRQVLGHU WKH ORFDWLRQ SUREOHP XQGHU WKH DVVXPSWLRQ WKDW GHPDQG IRU WKH UHTXLUHG VHUYLFH RULJLQDWLQJ IURP D
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ILQLWH VHW SRLQWV %XW LQ PDQ\ FDVHV LW LV XQUHDOLVWLF WR FRQVLGHU LQ WKDW ZD\ $WVXR 6X]XNL LQ  SURSRVHG D
FRQWLQXRXV IDFLOLW\ ORFDWLRQ PRGHO RQ WKH EDVLV RI WKH IRUPHU VWXGLHV DVVXPLQJ WKDW DQ DUHD UHSUHVHQWV WKH VHW RI
GHPDQG SRLQWV :H FDQ GLYLGH SFHQWHU SUREOHP LQ WZR W\SH E\ MXGJLQJ ZKHWKHU WKHUH DUH VRPH FRQVWUDLQWV RQ WKH
FDSDFLW\ RI WKH HPHUJHQF\ IDFLOLWLHV RU WKH GHPDQG RI GHPDQG SRLQWV 0RVW VFKRODUV IRFXV RQ WKH XQFDSDFLWDWHG S
FHQWHU SUREOHP IRU H[DPSOH (OORXPL 6 DQG 3RFKHW <  SURSRVHG DQ H[WHQVLYH UHYLHZ RI WKH OLWHUDWXUH >@
:KHQ LW FRPHV WR WKH FDSDFLWDWHG SFHQWHU SUREOHP WKH UHVHDUFK KDV EHHQ PRUH OLPLWHG 7KH PRVW UHSUHVHQWDWLYH
FRQWULEXWLRQV RQ WKLV DVSHFW DUH $OEDUHGD6DPEROD ,Q KLV VWXG\ HDFK GHPDQG SRLQW KDV D NQRZQ GHPDQG DQG
HDFK SRWHQWLDO HPHUJHQF\ IDFLOLW\ D NQRZQ FDSDFLW\ >@
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7KH REMHFWLYH IXQFWLRQ LV WR PLQLPL]H WKH PD[LPXP WUDQVSRUWDWLRQ FRVW EHWZHHQ GHPDQG SRLQWV DQG WKH IDFLOLWLHV
WKH\ DUH DVVLJQHG WR &RQVWUDLQW  PDNHV VXUH WKDW ] LQ WKH REMHFWLYH IXQFWLRQ LV WKH PD[LPXP WUDQVSRUWDWLRQ FRVW
&RQVWUDLQW  OLPLWV WKH QXPEHU RI WKH RSHQHG IDFLOLWLHV &RQVWUDLQW  HQVXUHV WKDW HDFK GHPDQG SRLQWV LV DVVLJQHG
WR VRPH IDFLOLWLHV &RQVWUDLQW  HQVXUHV WKDW WKH WRWDO GHPDQGV DVVLJQHG WR D IDFLOLW\ GR QRW H[FHHG WKH IDFLOLW\¶V
FDSDFLW\
 3 PHGLDQ SUREOHP
7KH SPHGLDQ SUREOHP ZDV SURSRVHG E\ +DNLPL LQ  >@ WKH SUREOHP LV WR FKRRVH VRPH IDFLOLWLHV LQ RUGHU WR
DFKLHYH D JRDO RI JOREDO RSWLPL]DWLRQ VXFK DV FRVW WLPH GLVWDQFH DQG VR RQ 2QH RI WKH PRVW VWULNLQJ IHDWXUHV LQ
HPHUJHQF\ SUREOHP FKDUDFWHUL]HG E\ WKH XUJHQF\ RI WKH WLPH VR LW LV PHDQLQJIXO WR FRQVLGHU WKH VXP RI WKH PLQLPDO
GLVWDQFH ZLWK D ZHLJKW EHWZHHQ WKH GHPDQG SRLQWV DQG IDFLOLWLHV ZKHQ VDWLVI\LQJ WKH WLPH XUJHQF\
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&DQyV 0 - XWLOL]HG IX]]\ WHFKQLTXHV WR WDFNOH WKH H[WHUQDO GDWD LQ WKH SPHGLDQ SUREOHPV +H EHOLHYHG WKDW ZH
RQO\ FRQVLGHUHG WKH WUDQVSRUW FRVWV DV WKH PDLQ LQIOXHQFH IDFWRUV LQ RSWLPDO VROXWLRQ LQ WKH VWDQGDUG YHUVLRQ RI WKH S
PHGLDQ SUREOHP +RZHYHU WKHUH XVXDOO\ H[LVW RWKHU H[WHUQDO LQIRUPDWLRQ ZKLFK FDQ DOVR DIIHFW WKH RSWLPDO VROXWLRQ
:KHQ ZH WDNH WKH H[WHUQDO LQIRUPDWLRQ LQWR FRQVLGHUDWLRQ ZH FDQ XVH WKH IX]]\ PHWKRGV >@ (QULTXH 'RPtQJXH]
SURSRVHG D QHXUDO PRGHO IRU WKH SPHGLDQ SUREOHP LQ  +H SUHVHQWHG D QHZ WHFKQLTXH ZKLFK DOZD\V SURYLGHV
IHDVLEOH VROXWLRQV DQG UHPRYHV WKH WXQLQJ SKDVH VLQFH WKH FRQVWUDLQWV DUH LQFRUSRUDWHG LQ WKH QHXUDO DUFKLWHFWXUH
LQVWHDG RI WKH HQHUJ\ IXQFWLRQ VR WKDW WKH WXQLQJ SDUDPHWHUV DUH XQQHFHVVDU\ >@ ; :HQJ DQG / =KDQJ VWXGLHG WKH
HPHUJHQF\ PDWHULDO VWRUDJH IDFLOLW\ ORFDWLRQ SUREOHP RQ $QKXL 3URYLQFH EDVHG RQ WKH30HGLDQ /RFDWLRQ >@ 1'
3L]]RODWR SURSRVHG D KHXULVWLF DSSURDFK IRU ODUJHVL]H S PHGLDQ ORFDWLRQ SUREOHPV DQG DSSOLHG WKH PRGHO WR WKH
VFKRRO ORFDWLRQ SUREOHP >@ 7KH PRGHO IRU SPHGLDQ SUREOHP FDQ EH IRUPXODWHG DV IROORZV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7KH QRWLRQV RI WKH PRGHO DUH LQWURGXFHG DV IROORZ
LV WKH ZHLJKW RI GHPDQG SRLQW

















7KH REMHFWLYH IXQFWLRQ LV WR PLQLPL]H WKH WRWDO GHPDQGZHLJKWHG GLVWDQFH EHWZHHQ FXVWRPHUV DQG IDFLOLWLHV
&RQVWUDLQW  HQVXUHV WKDW HDFK GHPDQG SRLQWV LV DVVLJQHG WR VRPH IDFLOLWLHV &RQVWUDLQW  OLPLWV WKH QXPEHU RI WKH
IDFLOLWLHV &RQVWUDLQW  DOORZV DVVLJQPHQW RQO\ WR VLWHV DW ZKLFK IDFLOLWLHV DUH RSHQHG
 &RYHULQJ SUREOHP
:KLOH WKH IRUPHU WZR PHWKRGV DUH ZLGHO\ VWXGLHG ZKHQ LW FRPHV WR VRPH IDFLOLWLHV WKDW SURYLGH HPHUJHQF\
VHUYLFHV HJ ILUH VWDWLRQ KRVSLWDOV WKH FRYHULQJ SUREOHP LV PRUH DSSOLFDEOH & 6 5H 9HOOH DQG + $ (LVHOW 3
EHOLHYHV WKDW WKH VHUYLFH UDGLXV RI IDFLOLW\ VHUYLFH LV VWDQGDUG VXFK DV QR PRUH WKDQ D FHUWDLQ GLVWDQFH RU D FHUWDLQ
WLPH LQ HPHUJHQF\ IDFLOLW\ ORFDWLRQ SUREOHP )RU LQVWDQFH WKH ILUH WUXFN RU DPEXODQFH VKRXOG DUULYH LQ WKH VLWH RI
DFFLGHQW ZLWKLQ D VSHFLILF WLPH ,Q RUGHU WR VDWLVI\ WKHVH NLQGV RI GHPDQG WKH IDFLOLWLHV PXVW EH ORFDWHG LQ D VHW RI
SRLQWV ZKLFK FDQ FRYHU WKH GHPDQG SRLQWV $V ZH FDQ VHH WKH IRUPHU PRGHO FDQ¶W DFKLHYH VXFK JRDO VR WKH ORFDWLRQ
VHW FRYHULQJ SUREOHP /6&3 >@ LV SURSRVHG ,Q VKRUW WKH /6&3 DLPV WR VDWLVI\ DOO GHPDQGV ZLWK PLQLPDO
IDFLOLWLHV :KHQ UHVRXUFHV FDQ¶W VDWLVI\ DOO GHPDQGV GHFLVLRQ PDNHUV KDYH WR VHHN DOWHUQDWLYH PHWKRGV VXFK DV
OLPLWLQJ WKH QXPEHU RI IDFLOLWLHV FRQWUROOLQJ WKH FRVW WR PHHW WKH GHPDQG 8QGHU WKLV FRQGLWLRQ &KXUFK DQG 5HYHOOH
SURSRVHG WKH PD[LPDO FRYHULQJ ORFDWLRQ SUREOHPV 0&/3 >@ 7KLV PRGHO GRHV QRW UHTXLUH FRYHULQJ DOO RI WKH
GHPDQG SRLQWV EXW PD[LPL]HV WKH DPRXQW RI GHPDQG FRYHUHG ZLWKLQ FHUWDLQ VHUYLFH GLVWDQFH 6 E\ ORFDWLQJ D ILQLWH
QXPEHU RI QHZ IDFLOLWLHV 6RPH VFKRODUV JHQHUDOL]HG WKH 0&/3 WR LQWURGXFH D JHQHUDOL]HG PD[LPDO FRYHULQJ
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7KH QRWLRQV RI WKH PRGHO DUH LQWURGXFHG DV IROORZ
LV WKH EH WKH GLVWDQFH EHWZHHQ WKH GHPDQG SRLQW DQG IDFLOLW\
6 LV WKH PD[LPDO GLVWDQFH ZLWKLQ ZKLFK D IDFLOLW\ FDQ SURYLGH VHUYLFH









7KH REMHFWLYH IXQFWLRQ LV WR PLQLPL]H WKH WRWDO QXPEHU RI ORFDWHG IDFLOLWLHV &RQVWUDLQW  LV WR HQVXUH HDFK
GHPDQG SRLQWV EHLQJ FRYHUHG
 (PHUJHQF\ UHVRXUFH DOORFDWLRQ SUREOHP
7KH (PHUJHQF\ UHVRXUFH DOORFDWLRQ SUREOHP LV D VSHFLDO FODVV RI UHVRXUFH DOORFDWLRQ SUREOHPV 5HVRXUFH
DOORFDWLRQ SUREOHP UHIHUV WR WKH DOORFDWLRQ RI OLPLWHG UHVRXUFHV WR VRPH PDLQ REMHFWLYHV RU DFWLYLWLHV RI FRPSHWLWLRQ
IRU RSWLPL]LQJ FHUWDLQ JRDOV %DVHG RQ WKH GHILQLWLRQ RI SUREOHPV DERXW UHVRXUFH DOORFDWLRQ LW FDQ EH JLYHQ WKDW WKH
HPHUJHQF\ UHVRXUFH DOORFDWLRQ SUREOHP UHIHUV WR WKDW LQ WKH HPHUJHQW VLWXDWLRQ DOORFDWLQJ OLPLWHG HPHUJHQF\
UHVRXUFH WR VRPH RI WKRVH FRPSHWLWLYH DIIHFWHG SRLQWV RU UHVFXH DFWLYLWLHV LQ RUGHU WR PLQLPL]H ORVVHV RI WKH GLVDVWHU
(PHUJHQF\ UHVRXUFH DOORFDWLRQ SUREOHP UHIHUV WR PDQDJHPHQW GHFLVLRQV RI GLVDVWHU UHOLHI UHVRXUFHV LQ WKH ZKROH
HPHUJHQW UHVFXH DFWLYLWLHV DIWHU VXGGHQ QDWXUDO GLVDVWHU LW LV DOZD\V WKH NH\ RI HIIHFWLYHO\ LPSOHPHQWLQJ UHVFXH
PHDVXUHV DOVR WKH FRUH ZRUN RI HPHUJHQW PDQDJHPHQW RI VXGGHQ QDWXUDO GLVDVWHU DQG RQH RI WKH PRVW LPSRUWDQW
PHDVXUHV RI ZHLJKLQJ HPHUJHQW PDQDJHPHQW FDSDFLW\ ([LVWLQJ OLWHUDWXUHV ZLWK UHVSHFW WR WKH GLVWULEXWLRQ RI
HPHUJHQF\ VXSSOLHV PDLQO\ FRQFHQWUDWHG LQ WZR DUHDV LH WKH GLVWULEXWLRQ RI VWDWLF DQG G\QDPLFDO VXSSOLHV
 6WDWLVWLFDO UHVRXUFH DOORFDWLRQ SUREOHP
'LVWULEXWLRQ RI VWDWLF HPHUJHQF\ UHVRXUFH LV D QRUPDO FRQGLWLRQ RI HPHUJHQF\ UHVRXUFH GLVWULEXWLRQ $FFRUGLQJ WR
WKH SDVW FRQGLWLRQ DQG WKH SUREDELOLW\ RI GLVDVWHU RFFXUUHQFH LQ WKH IXWXUH EHIRUH WKH GLVDVWHU RFFXUULQJ UHOHYDQW
RUJDQL]DWLRQV SXW D FHUWDLQ QXPEHU DQG W\SH RI HPHUJHQF\ UHVRXUFH LQ DQ DSSURSULDWH UHVHUYDWLRQ ORFDWLRQ ,Q WKH
SUREOHP RI VWDWLF UHVRXUFH DOORFDWLRQ RQH RI WKH PRVW LPSRUWDQW UHVHDUFK LVVXHV LV WKH FKRLFH DERXW VWRUDJH ORFDWLRQ
RI HPHUJHQF\ UHVRXUFHV ZKLFK LV FORVHO\ UHODWHG WR WKH ORFDWLRQ SUREOHP LQ WKH ODVW VHFWLRQ
 '\QDPLFDO UHVRXUFH DOORFDWLRQ SUREOHP
:LWK WKH GHYHORSPHQW RI WKH GLVDVWHU WKH GHPDQG RI HPHUJHQF\ UHVRXUFH ZLOO FKDQJH LQ GLIIHUHQW VWDJHV RI UHOLHI
ZRUN ZKLFK IRUPV D G\QDPLF UHODWLRQVKLS EHWZHHQ VXSSO\ DQG GHPDQG DQG QHHG WR FRQVLGHU XQLILHG GLVWULEXWLRQ RI
HPHUJHQF\ VXSSOLHV 7KHUHIRUH WKH VWDWLF FROORFDWLRQ RI PDWHULDOV UHVRXUFH FRQYHUWV WR G\QDPLF DOORFDWLRQ RI
VXSSOLHV DIWHU WKH GLVDVWHU )RU PRUH WKDQ RQH VLWXDWLRQ )LRXFFFL GLVFXVVHG KRZ WR DOORFDWH HPHUJHQF\ UHVRXUFH
DQG PDNH VFKHGXOHV IRU WKH ILUH DFFLGHQW DQG FRQVWUXFWHG D G\QDPLF PRGHO >@ 6KHX WUHDWHG WKH DOORFDWLRQ RI
HPHUJHQF\ UHVRXUFH DV WZRSKDVH PDWHULDOV UHVRXUFH VFKHGXOLQJ DQG DOORFDWLRQ G\QDPLF RSWLPL]DWLRQ SUREOHPV
EDVHG RQ GLVDVWHU GHJUHH ,Q WKH ILUVW VWDJH WKH GHFLVLRQPDNLQJ REMHFWLYHV DUH EDVHG RQ WLPHYDU\LQJ WR PHHW WKH
PD[LPXP RI PHHWLQJ WKH UHVRXUFH GHPDQG DQG WKH PLQLPXP RI GLVWULEXWLRQ FRVWV LQ WKH VHFRQG VWDJH WKH GHFLVLRQ
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PDNLQJ LV DERXW DOO WKH UHVRXUFHV IURP PXOWLSOH VXSSO\ GHSDUWPHQWV WR WKH GLVWULEXWLRQ FHQWHU 6XQ <LQJ HW DO
DQDO\]HG WKH SRWHQWLDO GLVDVWHU SRVVLELOLW\ RI HPHUJHQF\ UHVRXUFH GHPDQG VLWHV LQ VWULFNHQ DUHDV DQG LWV LPSDFW RQ WKH
GHPDQG IRU HPHUJHQF\ UHVRXUFH WDNLQJ LQWR DFFRXQW WKH LPSDFW RI GLVDVWHUV RQ WKH WUDIILF VLWXDWLRQ LQ WKH DIIHFWHG
DUHDV DQG LQGLFDWHG WKDW WKH GHSOR\PHQW RI HPHUJHQF\ VXSSOLHV QHHG WR ZRUN XQGHU XQFHUWDLQW\ LQWHUIHUHQFH DQG
REVWUXFWLRQ RI URDGV
 (PHUJHQF\ PDQDJHPHQW WHFKQLFDO VXSSRUW SUREOHP
(PHUJHQF\ PDQDJHPHQW WHFKQLFDO VXSSRUW SUREOHP UHIHUV WR D WHFKQLFDO V\VWHP ZKLFK KHOSV WKH GHFLVLRQ PDNLQJ
ZKHQ IDFHG ZLWK HPHUJHQF\LW FDQ DOVR EH FDOOHG GHFLVLRQ PDNLQJ VXSSRUW V\VWHP ,I GHFLVLRQ PDNHUV RQO\ GHSHQG
RQ SHUVRQDO H[SHULHQFH LW LV HDV\ WR PDNH ZURQJ MXGJPHQWV FDXVLQJ VHULRXV FRQVHTXHQFHV 7KH XVH RI DGYDQFHG
WHFKQRORJ\ FRPELQHG ZLWK GHFLVLRQPDNLQJ SURFHVV WR IRUP D GHFLVLRQPDNLQJ V\VWHP LV YHU\ LPSRUWDQW
(PHUJHQF\ GHFLVLRQV QRW RQO\ QHHG WR UHO\ RQ SK\VLFDO VRFLDO SHUFHSWLRQ RI LQIRUPDWLRQ DQG GDWD DQDO\VLV EXW DOVR
QHHG WR UHO\ RQ PRGHOV GDWD V\VWHP LQWHJUDWLRQ FDOFXODWLRQ DQG DQDO\VLV DQG ZH DOVR QHHG WR FRQVLGHU WKH LPSDFW RI
SV\FKRORJLFDO DQG EHKDYLRUDO FKDUDFWHULVWLFV RI LQGLYLGXDOV DQG JURXSV RQ WKH GHYHORSPHQW RI HYHQWV DQG HPHUJHQF\
UHVSRQVH
$W SUHVHQW PDQ\ VFKRODUV PDNH WKH UHVHDUFK IURP WKH SHUVSHFWLYH RI HPHUJHQF\ PDQDJHPHQW GHFLVLRQ VXSSRUW
V\VWHP 4LQMXQ &KDQJ SXW IRUZDUG PDMRU WDVNV RI HPHUJHQF\ GHFLVLRQV DQG PDNH WKH FRQFHSWXDO GHVLJQ RI WKH
V\VWHP EDVHG RQ WKH FKDUDFWHULVWLFV RI '66 >@ &RVJUDYH RQ WKH EDVH RI WKH FKDUDFWHULVWLFV RI WKH HPHUJHQF\
PDQDJHPHQW HQYLURQPHQW GHFLGHG WKH HPHUJHQF\ GHFLVLRQ SURFHVV DQG JDYH VRPH VLPSOH GHFLVLRQ UXOHV >@
,3KLJHQLD XVHG WKH *,6 DQG LQWHJUDWHG UDQJH RI SHUVRQDO DVVLVWDQW VRIWZDUH LQ KDQGOLQJ RLO VSLOO LQ WKH GHFLVLRQ
VXSSRUW V\VWHP WKDW FDQ SURYLGH WKH QHFHVVDU\ WRROV IRU TXLFN UHVSRQVH >@ $ (UWXJ *XQHV GHVFULEHG WKH XVH RI
*,6 LQ HPHUJHQF\ VXSSRUW V\VWHP DQG HVWDEOLVKHG D *,6EDVHG GHFLVLRQ VXSSRUW V\VWHP IRFXVLQJ RQ HPHUJHQF\
SUHYHQWLRQ DQG SUHSDUHGQHVV >@ =KDQ <RQJVRQJ XVHG ZHE *,6 WHFKQRORJ\ WR EXLOG D GLVWULEXWHG XUEDQ
HPHUJHQF\ GHFLVLRQ VXSSRUW PRGHO ZLWK IXQFWLRQ GHVLJQHG DQG LQWHJUDWHG E\ DQ H[SHUW V\VWHP IRU WKH HPHUJHQF\
HYDFXDWLRQ
)URP WKH GHFLVLRQ VXSSRUW V\VWHPV SRLQW RI YLHZ WKH UHVHDUFK IRFXVHG RQ WKH IROORZLQJ WKUHH DVSHFWV  'HFLVLRQ
6XSSRUW 6\VWHP GHVLJQHG IRU VSHFLILF GLVDVWHUV VXFK DV ZDWHU SROOXWLRQ RLO VSLOOV  'HFLVLRQ VXSSRUW V\VWHPV
GHVLJQHG EDVHG RQ D VSHFLILF WHFKQLFDO VXFK DV WKRVH EDVHG *,6 SODWIRUP  ([SORUH D FHUWDLQ SDUW RI GHFLVLRQ
6XSSRUW 6\VWHP VXFK DV GDWDEDVH PRGHO EDVH 7R GHVLJQ D FRPSOHWH DQG FRPSUHKHQVLYH SUDFWLFDO GHFLVLRQ VXSSRUW
V\VWHP ZH QHHG WR VWDUW IURP DOO DVSHFWV IURP GDWD FROOHFWLRQ WR GHVLJQ 0RGHO %DVH IURP PHWKRG EDVH WR WKH GHVLJQ
DQG LPSOHPHQW RI LQWHUDFWLYH SODWIRUP (YHU\ SDUW QHHGV D IXUWKHU GLVFXVVLRQ DQG VWXG\
,Q VKRUW WR HVWDEOLVK D FRPSOHWH HPHUJHQF\ PDQDJHPHQW V\VWHP DQG WR LPSURYH WKH HIILFLHQF\ DQG OHYHO RI
HPHUJHQF\ PDQDJHPHQW WKH UHVHDUFK RQ WKH GHFLVLRQ VXSSRUW LV QHFHVVDU\ $FFRUGLQJ WR JDWKHU LQIRUPDWLRQ
DQDO\]H LQIRUPDWLRQ DVVHVV JUDGH DQDO\]H UHTXLUHPHQWV GHYHORS PRGHO GHVLJQ SODQ VLPXODWLRQ FRPSDULVRQ DQG
VHOHFWLRQ DQG RWKHU GHFLVLRQPDNLQJ SURFHVVHV VHOHFW WKH GHFLVLRQPDNLQJ WHFKQLTXHV DQG PHWKRGV LQ HYHU\ VWDJH
WR EXLOG GHFLVLRQ VXSSRUW SODWIRUP WKXV WR IRUP HPHUJHQF\ PDQDJHPHQW GHFLVLRQV VXSSRUW V\VWHP
 &RQFOXVLRQ
(PHUJHQF\ UHVHDUFK LV D W\SH RI PXOWLGLVFLSOLQDU\ UHVHDUFK LW LV DOVR D GHYHORSLQJ UHVHDUFK )URP WKH H[SHULHQFH
LQ 6$56 DQG 7LDQMLQ H[SORVLRQ WKH ZHDNQHVV DQG YXOQHUDELOLW\ RI WKH HPHUJHQF\ V\VWHP LV H[SRVHG ,Q DGGUHVVLQJ
WR WKLV LVVXH LQ WKLV SDSHU D UHYLHZ LV FRQGXFWHG WR ORRN GHHS LQWR WKH H[LVWLQJ SROLFLHV DQG PHWKRGRORJ\ IRU
HPHUJHQF\ PDQDJHPHQW LQ &KLQD 7KH REMHFWLYH RI WKLV SDSHU LV WR DQDO\VLV WKH ZHDNQHVV ORRS RI WKH V\VWHP E\
UHYLHZLQJ WKH OLWHUDWXUHV DQG VHHN PHWKRGV WR VROYH LW
)URP WKH DQDO\VLV WKH SUREOHPV FDQ EH PDMRUO\ FRQFOXGHG LQ WKH IROORZLQJ DVSHFWV
z QHHGV IRU SHUPDQHQW LQWHJUDWHG HPHUJHQF\ PDQDJHPHQW
z FROODERUDWLRQ DPRQJ GLIIHUHQW DJHQFLHV QHHG WR EH HQKDQFHG
z JDSV EHWZHHQ FXUUHQW HPHUJHQF\ PDQDJHPHQW VWXGLHV DQG HPHUJHQF\ SUHSDUHGQHVV DQG PLWLJDWLRQ SUDFWLFH
)URP WKH PHWKRGRORJ\ SURVSHFWLYH HPHUJHQF\ IDFLOLW\ ORFDWLRQ SUREOHP HPHUJHQF\ UHVRXUFH DOORFDWLRQ SUREOHP
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DQG HPHUJHQF\ PDQDJHPHQW WHFKQLFDO VXSSRUW SUREOHP DUH H[DPLQHG 7KHVH PRGHOV SURSRVHG E\ UHVHDUFKHUV
PHQWLRQHG DERYH ZHOO DGGUHVV WR WKH UHVRXUFH DOORFDWLRQ SUREOHPV XQGHU FHUWDLQ K\SRWKHVHV +RZHYHU LQ UHDO
SUDFWLFH WKH SURFHVV LV G\QDPLF ZKLFK GRHV QRW QHFHVVDU\ PHHW DOO WKH K\SRWKHVHV 7KH OLQN EHWZHHQ PRGHOV DQG
SUDFWLFH ZHDN DQG QHHG WR EH IXUWKHU DGGUHVVHG
7R VXP XS ZKLOH JUHDW SURJUHVV KDV EHHQ PDGH LQ HPHUJHQF\ PDQDJHPHQW LQ &KLQD LQ UHFHQW \HDU WKHUH LV VWLOO D
ORQJ ZD\ WR JR )URP WKH DXWKRUV¶ SURVSHFWLYH WKLV SUREOHP FRXOG EH IXUWKHU LPSURYHG E\ PRUH LQGHSWK UHVHDUFKHV
DQ LQWHJUDWHG HPHUJHQF\ UHVSRQVH V\VWHP DQG DQ HIIRUW WR OLQN WKHP WRJHWKHU
5HIHUHQFHV
>@ 3HWDN : - (PHUJHQF\ 0DQDJHPHQW $ &KDOOHQJH IRU 3XEOLF $GPLQLVWUDWLRQ >-@ 3XEOLF $GPLQLVWUDWLRQ 5HYLHZ  
>@ :DQJ / :DQJ < -LQ 6 :X = &KLQ ' 3 .RSODQ - 3 	 :LOVRQ 0 (  (PHUJHQFH DQG FRQWURO RI LQIHFWLRXV GLVHDVHV LQ
&KLQD 7KH /DQFHW  
>@ 5REHUW+HDWK &ULVLV 0DQDJHPHQW >0@ WUDQVODWHG E\ :DQJ &KHQJ 6RQJ %LQJ +XL %HLMLQJ &,7,& 3XEOLVKLQJ +RXVH 
>@ 1RUPDQ 5ˊ $XJXVWLQHˊ&ULVLV 0DQDJHPHQW >0@ %HLMLQJ 3HRSOH¶V 3UHVV 
>@ <DQJ -LQJ&KHQ -LDQPLQJ DQG =KDR +RQJ 5HVHDUFK RQ HPHUJHQF\ FODVVLILFDWLRQ LQ HPHUJHQF\ PDQDJHPHQW>-@0DQDJHPHQW 5HYLHZ
  
>@ 0D .DL &DUU\LQJ RXW VFLHQFH GHYHORSPHQW YLHZ SURPRWLQJ WKH ZRUN RI HPHUJHQF\ PDQDJHPHQW >-@ &KLQD (PHUJHQF\ 0DQDJHPHQW

>@ =KHQ0LQJ &KHQ 7KH ULVH RI &KLQD
V HPHUJHQF\ PDQDJHPHQW >-@ $FDGHPLF VRXWKHDVW 
>@ ;LDR3LQJ *$2 7KH DFKLHYHPHQWV DQG GHYHORSPHQW RI HPHUJHQF\ PDQDJHPHQW V\VWHP ZLWK &KLQHVH FKDUDFWHULVWLFV >-@ ;LQKXD 'LJHVW

>@ /L :DQ 7KH &RQVWUXFWLRQ RI 7KH 3XEOLF (PHUJHQF\ /HJDO 6\VWHP LQ &KLQD )RU ,PSURYLQJ 7KH 3XEOLF (PHUJHQF\ /HJDO 6\VWHP >'@
6RXWKZHVW 8QLYHUVLW\ RI 3ROLWLFDO 6FLHQFH DQG /DZ 
>@ 6KDQ&KXQFKDQJ $ +LVWRULFDO 5HYLHZ RQ WKH 'HYHORSPHQW RI (PHUJHQF\ 0DQDJHPHQW 2SHUDWLRQDO 0HFKDQLVP LQ WKH 8QLWHG 6WDWHV DQG
([SHULHQFHV WR EH OHDUQHG E\ &KLQD >-@ &KLQHVH 3XEOLF $GPLQLVWUDWLRQ 
>@ =+$1* ;LQPHL 6WXG\ RQ 6KRUWFRPLQJV RI (PHUJHQF\ 0DQDJHPHQW 6\VWHP LQ &KLQD DQG ,WV 'HYHORSPHQW &RXQWHUPHDVXUHV &KLQD 6DIHW\
6FLHQFH -RXUQDO  
>@6KLHU ' 5 'HDULQJ 3 0 2SWLPDO ORFDWLRQV IRU D FODVV RI QRQOLQHDU VLQJOHIDFLOLW\ ORFDWLRQ SUREOHPV RQ D QHWZRUN 2SHUDWLRQ 5HVHDUFK 
>@ :ORG]LPLHU] 2 2Q WKH GLVWULEXWLRQ DSSURDFK WR ORFDWLRQ SUREOHPV &RPSXWHUV	 ,QGXVWULDO (QJLQHHULQJ 
>@ )$1* /HL +( -LDQPLQ &RPELQLQJ WKH $QDO\WLF +LHUDUFK\ 3URFHVV DQG *RDO 3URJUDPPLQJ IRU /RFDWLRQ 0RGHO RI (PHUJHQF\ 6\VWHPV
6\VWHPV (QJLQHHULQJWKHRU\ 	 3UDFWLFH 
>@ +DNLPL 6 /  2SWLPXP ORFDWLRQV RI VZLWFKLQJ FHQWHUV DQG WKH DEVROXWH FHQWHUV DQG PHGLDQV RI D JUDSK 2SHUDWLRQV 5HVHDUFK 
±
>@ +DQGOHU ˈ+DQGOHU * < 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